Background. The purpose of this study was to assess the prevalence of anti-hepatitis C virus (HCV) antibodies (Abs) and active HCV infection in human immunodeficiency virus (HIV)-infected (HIV+) patients in Spain in 2015. This was a cross-sectional study.
Recent data from the EuroSIDA cohort show that the prevalence of anti-HCV antibodies in HIV-infected individuals in Europe is 32.4%, and of those tested for HCV-ribonucleic acid (RNA), 70.5% are positive [5] . However, the prevalence of HCV antibody positivity varies across different European regions depending on the predominant route of acquisition of HIV. In Eastern and Southern Europe, where HIV infection is acquired mainly through injection drug use (IDU), 58% and 29% of patients, respectively, are also HCV antibody-positive. In Northern and Western Europe, where HIV infection is acquired mainly through sexual relations between men who have sex with men (MSM), 17% and 20% of patients, respectively, are HCV antibody-positive [5] .
In Spain, the factors that determine the epidemiology of HIV/ HCV coinfection have changed significantly in the last few years. These factors include the decline in IDU as a mechanism of transmission of HIV infection [6] , the higher mortality rates in HIV/HCV-coinfected patients than in HIV-infected patients [4] , the emergence of new HCV infections through high-risk sexual practices among MSM [7] , and the availability of new, effective treatment against HCV infection.
We carried out this study to determine the prevalence of HCV infection in HIV-infected patients in Spain (including the percentage of patients with anti-HCV antibodies and the percentage of patients with detectable HCV-RNA) and to assess the characteristics of HIV-infected patients with active HCV infection. In addition, we compared the results of this study with those of 2 nationwide prevalence studies carried out by the "Grupo de Estudio del SIDA" ([GeSIDA] AIDS Study Group) of the "Sociedad Española de Enfermedades Infecciosas y Microbiología Clínica" (Spanish Society of Infectious Diseases and Clinical Microbiology [SEIMC]) in 2002 [8] and 2009 [9] .
SUBJECTS AND METHODS

Design and Sample Size Considerations
We performed a cross-sectional study in various medical centers throughout Spain. The reference population was all HIVinfected patients in active follow-up in the participating centers. Active follow-up was defined as at least 1 visit to the center in the previous 12 months.
Before the study was initiated, we estimated that the total number of patients in active follow-up at the participating centers and the prevalence of active HCV infection expected, which were 24 500 and 30%, respectively, according to the most recent survey carried out by GeSIDA [9] . Based on these figures, a confidence level of 95%, a design effect of 1.0, and accuracy for the sample size of 2.0%, we estimated that a sample of at least 1864 patients was needed.
Patient Selection
The number of patients to be included at each center was determined by proportional allocation, ie, the number of active patients at the center was proportional to the total number of active patients. The formula used to determine the sample size for each center was as follows: ni = (Ni/N) × n. Where ni was the sample size for the center i, Ni was the number of patients in active follow-up at the center i, N was the total number of patients in active follow-up, and n was the total size of the sample.
Patients were selected at each center by simple random sampling. First, personnel at each center identified all HIV-infected patients in active follow-up and generated a consecutive numerical list. Second, the staff of Fundación SEIMC/GeSIDA generated a random list of numbers corresponding to the patients to be included in the study.
The Institutional Ethics Committee of Hospital General Universitario Gregorio Marañón approved the study.
Variables and Statistical Analysis
The full list of variables collected is shown as Supplementary Material. In brief, we collected demographic data, HIV transmission category, Centers for Diseases Control and Prevention (CDC) disease category, current CD4/mm 3 , current HIV-RNA, whether the patients were on combined antiretroviral therapy (cART) and the regimen used, presence of HCV antibodies and, if applicable, presence of HCV-RNA, and presence of hepatitis B virus surface antigen (HBsAg).
In patients with HCV antibodies, information was obtained about anti-HCV therapy, and, if applicable, the regimens used and their outcomes. Patients receiving anti-HCV therapy at the time the study was performed were considered to be HCV-RNA-positive. In the case of patients with HCV antibodies and no HCV-RNA, we established whether this was due to spontaneous clearance or anti-HCV treatment.
In patients with HCV antibodies and positive HCV-RNA, we collected HCV genotype and subtype and IL28B subtypes. In patients positive for HCV-RNA and/or HBsAg, transient elastography results and the date the procedure was performed were recorded.
The presence of liver cirrhosis was investigated in all patients, as was the method of diagnosis: liver biopsy, transient elastography (liver stiffness >12.5 kPa), or diagnosis based on clinical/ biological findings. Patients with prior or current episodes of ascites, hepatic encephalopathy, or variceal bleeding were considered to have decompensated liver disease. In patients with cirrhosis, current Child-Pugh and model for end-stage liver disease (MELD) scores were recorded. We also recorded whether patients had been diagnosed with hepatocellular carcinoma and whether liver transplantation had been performed.
All the information was entered into a common database at each institution using an online electronic case report form that satisfies Spanish data confidentiality requirements. All statistical analyses were performed using Stata (version 13.1; StataCorp, College Station, TX).
RESULTS
The study was carried out between June 1, 2015 and July 31, 2015. A total of 41 centers agreed to participate in the study. The reference population was 35 791 HIV-infected patients, and the sample size was 1867 patients.
Prevalence of Anti-Hepatitis C Virus Antibodies and Active Hepatitis C Virus Infection Hepatitis C virus serostatus was known in 1843 (98.7%) patients, 695 of whom were HCV-seropositive; of these, 402 patients were HCV-RNA-positive, 170 were HCV-RNA-negative after sustained viral response (SVR) after anti-HCV therapy, 102 cleared HCV spontaneously, and HCV-RNA results were unknown in 21. Therefore, the prevalence of anti-HCV antibodies was 37.7% among tested patients (695 of 1843 patients whose serostatus was known), and the prevalence of active HCV infection was 22.1% (402 of 1822 patients with known HCV serostatus and with known HCV-RNA among those who tested positive for HCV antibodies).
Patients' Characteristics
The characteristics of the 1867 patients included in the study are summarized in Table 1 . No significant differences were found for sex between HCV-seronegative and HCV-seropositive patients; however, the latter were 5 years older than the former, on average. The frequency of injection drug use was significantly higher among HCV-seropositive patients than among HCV-seronegative patients, whereas the frequency of both transmission via heterosexual relations and sexual relations between MSM was significantly higher among HCVseronegative than among HCV-seropositive patients. More HCV-seronegative patients than HCV-seropositive patients were in CDC category C.
Hepatitis B virus surface antigen positivity was infrequent in both HCV-seronegative patients (3.1%) and HCV-seropositive patients (2.7%). Overall, 95.6% of patients were on cART. In comparison with HCV-seronegative patients, a small but significantly higher proportion of HCV-seropositive patients were on cART. The combination of 2 nucleoside reverse-transcriptase inhibitors plus 1 nonnucleoside reverse-transcriptase inhibitor was more common in HCV-seronegative patients than in HCVseropositive patients; the combination of 2 nucleoside reversetranscriptase inhibitors plus 1 integrase strand transfer inhibitor, and protease inhibitor-based therapies were more common in HCV-seropositive patients than in HCV-seronegative patients. In comparison with HCV-seropositive patients, a significantly higher proportion of HCV-seronegative patients were receiving a first-line cART regimen.
The proportion of patients with an HIV-RNA load <50 copies/mL was 87.9% overall and 91.1% in patients receiving cART. Among the latter, no significant differences were found between HCV-seropositive patients and HCV-seronegative patients. However, the CD4 + T-cell count was significantly higher in HCV-seronegative patients than in HCV-seropositive patients for the whole sample (660 vs 589 cells/µL; P < .001) and for patients on cART (668 vs 592 cells/µL; P < .001).
Liver Disease in Patients With Active Hepatitis C Virus Infection
The characteristics of liver disease in the 402 patients with active HCV infection are summarized in Table 2 . The HCV genotype was unknown in 35 (8.7%) patients. Among the remaining 367 patients, the most common infecting genotypes were 1a (39.0%), 4 (24.5%), 1b (18.8%), and 3 (15.5%). Of the 167 patients tested for the IL28B polymorphism, 49 (29.3%) had a CC genotype. Five (1.2%) patients who were HCV-RNA-positive were also HBsAg-positive. Transient elastography was performed in 345 patients (85.8%) a median of 7.7 months before the study. The median liver stiffness value was 8.3 kPa. The distribution of liver stiffness by cutoff was as follows: <7.1 kPa (absent or mild liver fibrosis), 153 patients (44.3%); >9.5 kPa (advanced fibrosis), 151 patients (43.8%); and >12.5 kPa (cirrhosis), 91 patients (26.4%) [10] . In addition, the fibrosis-4 (FIB-4) score was available for 398 (99.0%) patients, of whom 71 (17.8%) had values >3.25 (indicative of advanced liver fibrosis) [11] .
A total of 98 (24.4%) patients were receiving anti-HCV therapy during the study (68 interferon-free regimens and 30 interferon-based regimens), and 71 (17.6%) had previously received anti-HCV therapy (67 interferon-based regimens and 4 interferon-free regimens) (Supplementary Material). The distribution of patients who were naive for anti-HCV therapy according to liver stiffness was as follows: 113 of 153 (73.9%) for patients with liver stiffness <7.1 kPa, 49 of 151 (32.4%) for patients with liver stiffness >9.5 kPa, and 25 of 91 (27.5%) for patients with liver stiffness >12.5 kPa. Two (0.5%) patients with active HCV infection were considered reinfected after SVR with pegylated interferon plus ribavirin.
Liver Cirrhosis
Of the 1867 patients included in the study, 152 had cirrhosis, which was present in 93 of 402 (23.1%) patients with active HCV infection, 39 of 170 (22.9%) patients who cleared HCV after anti-HCV therapy, and 20 of the remaining 1295 (1.5%) patients.
A summary of the main features of liver cirrhosis in patients with active HCV infection and in those who cleared HCV infection after anti-HCV therapy is shown in Table 3 . The most frequent method of diagnosis of cirrhosis in both groups was transient elastography.
The proportion of patients with decompensated liver disease was significantly higher in patients with active HCV infection (18.3%) than in those who cleared HCV after anti-HCV therapy (5.1%). In addition, those with active HCV infection had significantly higher MELD scores, significantly lower concentrations of serum albumin, and significantly higher FIB-4 scores.
Most patients with cirrhosis were evaluated using transient elastography, and the median time from the date this was performed to the date data were collected was significantly shorter in patients with active HCV infection than in patients who cleared HCV after anti-HCV therapy (5.9 months vs 11.5 months, respectively). Higher stiffness values were found in patients with active HCV infection than in patients who cleared HCV after anti-HCV therapy, independently of whether the values were computed as continuous variables or as ordinal variables (according to well established cutoffs). However, statistical significance was only reached in the second comparison. Two patients with a prior diagnosis of liver cirrhosis and who cleared HCV after anti-HCV therapy were liver recipients.
Comparison With Studies Performed in 2002 and 2009
We compared the results of this study with those of 2 nationwide studies carried out by GeSIDA in 2002 and 2009 in a similar number of centers across the same geographical areas of Spain [8, 9] .
The first study included 1260 patients who acquired HIV infection by IDU (55.2%) and sexual relations between MSM (17.2%). The HCV serostatus was known in 1216 (99.5%) patients, 739 (60.8%) of whom were HCV-seropositive. The presence of HCV-RNA was tested in 520 of the 739 HCV-seropositive patients, and the result was positive in 462 (88.8%); therefore, the estimated overall prevalence of active HCV infection was 54% [8] . The second study included 1548 patients who acquired HIV infection by IDU (44.0%) and sexual relations between MSM (24.1%). Hepatitis C virus serostatus was known in 1455 (99.8%) patients, 733 (50.2%) of whom were HCV-seropositive. The presence of HCV-RNA was tested in 698 of 733 HCVseropositive patients, and the result was positive in 475 (68%); therefore, the estimated overall prevalence of active HCV infection was 34% [9] . This sharp decline in IDU as the predominant route of HIV transmission since 1997 is probably the main factor underlying the gradual decrease in the seroprevalence of HCV in Spain [6] . Other factors, such as the higher mortality rates found in HIV/HCV-coinfected patients compared with HIV-monoinfected patients during the cART era, may also have played a role [4] . Furthermore, we found that the prevalence of active HCV infection decreased markedly from 54.0% in 2002 to 34.4% in 2009 and to 22.1% in 2015, which is similar to the 18.9% reported in 2015 in a study carried out in Andalusia (Southern Spain) [12] . In addition to changes in routes of HIV acquisition and significant mortality among HIV/HCV-coinfected patients, the sharp reduction in active HCV infection can also be due to higher uptake of anti-HCV therapy in coinfected patients and the higher effectiveness of anti-HCV therapies during the last decade. In fact, the percentage of patients with current or past active HCV infection exposed to anti-HCV therapy increased from 23. Injection drug use was by far the predominant mode of HIV transmission in patients with HCV antibodies and in patients with active HCV infection. Transmission between MSM was minimal in both groups (4% and 2.7%, respectively). Although outbreaks of HCV infection among HIV-infected MSM who engage in high-risk sexual practices have been reported in Spain [7, 13] , to date, this phenomenon has been restricted to specific areas of large cities such as Madrid and Barcelona. Therefore, sexually acquired HCV infection contributes little to the current burden of HIV/HCV coinfection in Spain. This observation might also explain the low frequency of patients with active HCV infection who were reinfected after SVR in this study (0.5%). In addition to the differences in the route of transmission between HCVseronegative and HCV-seropositive patients, the latter were older, more frequently in CDC category C, and more frequently on cART. More than 90% of patients on cART had full suppression of HIV-RNA independently of their HCV serostatus; however, CD4 + T-cell counts were significantly lower in HCV-seropositive patients than in HCV-seronegative patients. The most prevalent HCV genotypes among HIV/HCVcoinfected individuals in Spain are currently 1a and 4, which, together with genotype 3, reflect the predominance of IDU as the mode of transmission of HCV in HIV-infected patients. The frequency of genotypes 1b and 2-most commonly associated with blood transfusion and unsafe medical procedures-was accordingly somewhat lower [14] . The most conspicuous change in genotype distribution observed in the studies performed by GeSIDA was the relegation of genotypes 3 and 4 to second and third place after genotype 1 as the leading genotype. Genotype 3 caused 27% of infections in 2002 and 15.5% in 2015; in the case of genotype 4, the values for the same periods were 18% and 24.5%. We believe that the most likely explanation for this change is the selective pressure caused by interferon and ribavirin, which was the principal anti-HCV regimen used until 2012 in Spain and whose effectiveness in the context of HIV/HCV coinfection in real-life conditions has been less than half for genotypes 1 and 4 in comparison with genotypes 2 and 3 [15] . Fibrosis was staged using transient elastography in 85.8% of the 402 patients with active HCV infection. Liver stiffness indicative of absent or mild fibrosis (<7.1 kPa) was detected in 44.3% of patients. The proportion of patients who were naive for anti-HCV therapy was significantly higher in patients with no or mild fibrosis (three quarters) than in patients with advanced fibrosis (one third) or cirrhosis (one quarter), most likely owing to the common practice of postponement of anti-HCV therapy in patients with a low risk for progression because of fear of the side effects of interferon-based therapies or because of restrictive policies in the prescription of interferon-free direct antiviral agent-based therapies.
Liver cirrhosis, which is commonly confirmed using transient elastography, was identified in 23.1% of patients with active HCV infection, 22.9% of patients who cleared HCV after anti-HCV therapy, and 1.5% of the remaining patients not included in these 2 categories. In comparison with cirrhotic patients who cleared HCV after anti-HCV therapy, those with active HCV infection more frequently had decompensated disease, lower concentrations of serum albumin, and higher values in liver stiffness, MELD score, and FIB-4 score. It is noteworthy that of the 170 patients with cirrhosis who cleared HCV after anti-HCV therapy, 2 had decompensated disease and 1 had hepatocellular carcinoma at the time the study was carried out. This finding underscores the fact that despite the well known benefits of eradicating HCV in terms of reduced morbidity and mortality related and not related to liver disease [16, 17] , a residual risk for liver-related events, especially hepatocellular carcinoma, persists in patients with HCV-related cirrhosis despite achievement of a SVR. This complication can arise up to 5 or more years after eradication of HCV [18] . The clinical implications of this observation are substantial, because hepatocellular carcinoma screening practices should continue for more than 5 years and probably for life in cirrhotic patients who achieve a SVR, thus greatly increasing the burden of HCV-related liver disease. This problem may be added to the list of reasons in favor of prioritizing anti-HCV treatment regardless of fibrosis stage in patients with HIV/HCV coinfection [19] .
CONCLUSIONS
In conclusion, the results of this study show that the prevalence of HCV antibodies and active HCV infection in HIV-infected individuals in Spain has decreased significantly in the last decade. At present, patients with active HCV infection mainly have genotypes 1a and 4, and a high proportion have liver cirrhosis. Cirrhosis is also common in patients who have cleared HCV after anti-HCV therapy. Although this study reflects the experience of a single country, the findings provide strong arguments in favor of actively monitoring the burden of HIV/HCV coinfection on a larger scale. Such an approach is crucial in the context of new routes of HCV transmission and widespread use of direct-acting antiviral agents.
